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E4 BXg Off TeaP PURMecW: MLWLgaWLQg JaSaQeVe BeeWOe DaPage
ClienW: Tanja SUebRWnjak

Team MembeUV: JaYieU PeUe], Linna CXbbage, Eli SchZaU], SWeYen HXang, BeWV\ Ding
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AbVWUacW
OXU clienW Tanja SUebRWnjak ZanWV WR miWigaWe Whe damage WhaW JaSaneVe BeeWleV haYe

caXVed WR SlanWV in Whe WilliamV CRllege CRmmXniW\ GaUden. The JaSaneVe BeeWleV haYe heaYil\
damaged SlanW leaYeV, deSleWing Whe SlanWV Rf nXWUienWV and cUeaWing an aSSealing lRRk Rn Whe
leaYeV. In WhiV SURjecW, Whe E4 BXg Off Team helSed Tanja VRlYe WhiV SURblem b\ deVigning a
dXUable, eaVil\ RSeUable, and hXman and bee fUiendl\ deYice WhaW ZRXld UeSel Whe JaSaneVe
BeeWleV fURm Whe damaged SlanWV b\ diVSeUVing XnaSSealing VcenWV.

IniWiall\, RXU clienW Tanja, and Mike EYanV, Whe AVViVWanW DiUecWRU Rf Whe WilliamV CRllege
CRmmXniW\ GaUden, e[SUeVVed VeYeUal deViUeV and cRnVWUainWV Zhen iW came WR cUeaWing a deVign,
and e[SUeVVed inWeUeVW in WZR meWhRdV Rf beeWle miWigaWiRn: eiWheU b\ keeSing Whe beeWleV RXW Rf
Whe SlRWV alWRgeWheU RU b\ UemRYing Whem Rff Whe leaYeV. The\ alVR highlighWed VeYeUal needV WhaW
RXU deVign needed WR fXlfill, VXch aV dXUabiliW\ WR Whe elemenWV and VXVWainabiliW\, and ZiWh WhiV
infRUmaWiRn Ze ZeUe able WR cUeaWe a liVW Rf RbjecWiYeV, cRnVWUainWV, and fXncWiRnV. We When
SUiRUiWi]ed and Uanked each Rne XVing a PaiUZiVe CRmSaUiVRn ChaUW, and ZiWh WhiV infRUmaWiRn,
Ze bUainVWRUmed deVignV. We made a BeVW Rf ClaVV ChaUW and fURm WheVe deVign alWeUnaWiYeV,
Tanja and Mike e[SUeVVed WhaW Whe\ ZeUe mRVW inWeUeVWed in XVing VcenWV WR UeSel Whe JaSaneVe
BeeWleV.

AfWeU cUeaWing RXU fiUVW lRZ UeVRlXWiRn SURWRW\Se XVing maWeUialV in Whe deVign VWXdiR, and
UeceiYing feedback fURm Tanja and Mike, PURfeVVRU TVai, and Whe claVV, Ze deVigned RXU ne[W
iWeUaWiRnV ZiWh CAD mRdelV, When VWaUWed bXilding RXU final SURWRW\Se XVing 3D SUinWing, BlXe
Tack(mRXnWing SXWW\), VXSeUglXe, Ueed diffXVeU ZickV, fiVhing line, and haUd SlaVWic. The biggeVW
challenge Ze encRXnWeUed ZaV WeVWing, Vince Ze nRU Tanja had acceVV WR JaSaneVe BeeWleV. AfWeU
cRnVideUing VeYeUal RSWiRnV, Ze decided WR fRcXV Rn meaVXUing hRZ Zell Whe VcenW iV diVSeUVed in
aUea cRYeUage, hRZ eaV\ Whe deYice iV WR RSeUaWe, hRZ mainWainable Whe deYice iV, and hRZ
dXUable RU VXVWainable Whe deYice iV, UaWheU Whan meaVXUing hRZ Zell Whe JaSaneVe BeeWleV ZeUe
UemRYed Vince iW ZaV imSRVVible WR WeVW iW.

The eYalXaWiRn WeVWing highlighWed VeYeUal VXUSUiVing RXWcRmeV Rf RXU deVign. EmSlR\ing
hXman SaUWiciSanWV, Ze leaUned WhaW Whe 1 R] Rf Whe SeSSeUminW Ril cRncRcWiRn Ze WeVWed ZiWh ZaV
YeU\ eaVil\ diVSeUVed and TXiWe SXngenW, and ZRXld be lRng laVWing and VWURng enRXgh WR UeSel
JaSaneVe BeeWleV ZiWhRXW UeSlacemenW fRU VeYeUal da\V. The UeVXlWV Rf Whe dURS and Uain WeVWV
indicaWed WhaW RXU deYice iV dXUable enRXgh WR WhUiYe in Whe RfWenWimeV heaY\ ZindV and UainV Rf
Whe EaVW CRaVW ZiWhRXW VignificanW damage. We alVR WeVWed Whe RSeUabiliW\ and YeUVaWiliW\ Rf Whe
deYice, Zhich demRnVWUaWed WhaW Whe VWXdenW inWeUnV aW WilliamV CRllege ZRXld be eaVil\ able WR
inVWall Whe deYice RnWR Whe diffeUenW WUeeV. TheVe WeVWV XndeUVcRUed Whe VXcceVVeV Rf RXU deYice,
Zhile alVR bUinging lighW WR aVSecWV WhaW cRXld be imSURYed XSRn fRU fXWXUe iWeUaWiRnV. ThiV UeSRUW
VXmmaUi]eV RXU findingV.
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IQWURdXcWLRQ
Tanja SebRWnjak iV a fRUmeU HaUYe\ MXdd E4 SURfeVVRU and cXUUenWl\ Whe DiUecWRU Rf Whe

Zilkha CenWeU fRU EnYiURnmenWal IniWiaWiYeV. PaVViRnaWe abRXW VXVWainabiliW\, Vhe iV inWeUeVWed in
finding lRng-laVWing and enYiURnmenWall\ fUiendl\ VRlXWiRnV WR Ueal ZRUld iVVXeV, in heU ZRUk, and
UeVeaUch. In chaUge Rf Whe WilliamV CRllege CRmmXniW\ GaUden, Vhe and AVViVWanW DiUecWRU Mike
EYanV aUe lRRking fRU a VRlXWiRn WhaW ZRXld miWigaWe Whe JaSaneVe beeWle damage Rn WheiU SlanWV.

JaSaneVe beeWleV aUe an inYaViYe VSecieV and e[WUemel\ haUmfXl SeVWV WhaW cheZ gUaVV
URRWV and VkeleWRni]e SlanW leaYeV, deSleWing SlanWV Rf nXWUienW abVRUSWiRn. JaSaneVe beeWleV aUe
Rnl\ acWiYe in Whe EaVW CRaVW dXUing Whe VXmmeU mRnWhV Rf laWe Ma\ WR JXl\, aV Whe ZinWeU fURVW
SUeYenWV Whem fURm bUeeding and SURlifeUaWing and aUe aSSUR[imaWel\ ѿ WR ò an inch lRng,
making Whem difficXlW WR UemRYe b\ hand. In Whe SaVW, Tanja and Mike haYe emSlR\ed VWXdenW
YRlXnWeeUV WR hand Sick Whe beeWleV Rff Whe SlanWV, bXW ZiWh WheiU Vmall Vi]e, Whe SURceVV iV difficXlW
and inefficienW, and WhXV Whe\ aUe lRRking fRU an alWeUnaWiYe VRlXWiRn WR eUadicaWe WheVe SeVWV. The
SUimaU\ meWhRd Rf aWWack WhaW Whe JaSaneVe beeWleV emSlR\ Rn Whe CRmmXniW\ GaUden iV WhURXgh
VkeleWRni]ing SlanW leaYeV Rf Whe UaVSbeUU\, SXUSle flRZeUing UaVSbeUU\, TXince, aSSle, and gUaSe
SlanWV. TheUe aUe VeYeUal mRUe VXVWainable, alUead\ e[iVWing meWhRdV WhaW Tanja and Mike had
UeVeaUched: XVing VRaS\ ZaWeU, SheURmRne WUaSV, RU neWWing, bXW WheVe deVignV UeTXiUe high
mainWenance, haYe been emSlR\ed aW Whe CRmmXniW\ GaUden SUeYiRXVl\, RU RbVWUXcW bee acWiYiW\,
Zhich iV imSRUWanW fRU SRllinaWiRn. AfWeU VeYeUal meeWingV ZiWh Tanja and Mike, cRnVXlWing a
gaUden e[SeUW aW Whe AUmVWURng GaUden CenWeU, cRmbined ZiWh UeVeaUch, Ze leaUned WhaW WheUe aUe
VeYeUal VcenWV WhaW UeSel JaSaneVe beeWleV: ZinWeUgUeen, neem, chiYeV, SeSSeUminW Ril, and gaUlic,
Zhich ZRXld be a mRUe ecR-fUiendl\ alWeUnaWiYe WR Whe alUead\ e[iVWing meWhRdV.

ReYLVed PURbOeP SWaWePeQW
We ZanW WR deVign a VRlXWiRn WhaW Zill miWigaWe JaSaneVe beeWle leaf damage WR UaVSbeUU\,

SXUSle flRZeUing UaVSbeUU\, TXince, aSSle, and gUaSe SlanWV in Whe EaVW CRaVW ZiWhRXW XVing
SeVWicideV, RU an\Whing elVe WhaW ma\ haUm nRn-inYaViYe inVecWV, hXmanV, RU animalV. The
VRlXWiRn VhRXld alVR be UelaWiYel\ ine[SenViYe, eaV\ WR inVWall, and allRZ fRU Sh\Vical ZRUk in Whe
gaUden WR SURceed XnhindeUed. OSWiRnall\, Whe VRlXWiRn ZRXld alVR keeS ZRRdchXckV fURm
geWWing beUUieV ZiWhRXW haUming Whem.
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CRQVWUaLQWV
1) No methods, pesticides, or chemicals(sXch as p\rethroids) that can harm hXmans: AlignV

ZiWh Tanja and The WilliamV CRllege CRmmXniW\ GaUden¶V YalXe Rf VXVWainabiliW\,
mainWaining VRil healWh, and hXman healWh. PeVWicide XVe Rn SlanWV haV been linked WR Whe
deSleWiRn Rf SlanW and VRil nXWUienWV, aV Zell aV canceU and RWheU diVeaVeV in hXmanV.
Man\ familieV, facXlW\, VWXdenWV, and \RXng childUen YiViW Whe gaUden and WhXV, iW iV cUXcial
fRU Whe gaUden WR be Vafe fRU hXmanV. ThiV fallV XndeU Whe caWegRU\ Rf cRnVWUainW, aV if Ze
XVe an\ meWhRdV WhaW can haUm hXmanV, Whe deVign failV.

2) Under bXdget ($150 [+$50]): The EngineeUing DeSaUWmenW haV allRcaWed an eTXal
amRXnW Rf mRneWaU\ UeVRXUceV fRU all WeamV WR XVe, and Ze VhRXld UeVSecW WhiV bXdgeW. We
eiWheU aUe RYeU Whe bXdgeW RU XndeU, VR WhiV cRXnWV aV a cRnVWUainW fRU RXU deVign.

3) No chemicals, solXtions, or methods that can harm ZoodchXcks or bees: BeeV and
ZRRdchXckV aUe eVVenWial WR Whe Zellbeing Rf Whe gaUden and Whe V\mbiRWic UelaWiRnVhiSV
Rf Whe habiWaW. BeeV aUe Whe SUimaU\ SRllinaWRUV Rf Whe SlanWV and WhXV, an\ meWhRd Ze
emSlR\ WR miWigaWe Whe JaSaneVe beeWleV mXVW nRW miWigaWe Whem eiWheU. SimilaUl\ WR Whe
fiUVW cRnVWUainW, WhiV iV eYalXaWed in a binaU\ faVhiRn; eiWheU Ze XVe meWhRdV WhaW can haUm
ZRRdchXckV RU beeV RU nRW, VR WhiV iV a cRnVWUainW.

ObMecWLYeV
1) Mitigates beetle damage to plants: ThiV iV RXU SUimaU\ RbjecWiYe fRU RXU deVign, aV iW¶V RXU

clienW¶V main cRnceUn. AlWhRXgh Whe ZRUding WakeV Whe fRUm Rf a fXncWiRn, iW iV claVVified
aV an RbjecWiYe, aV Whe YeUb iV nRW a cRncUeWe acWiRn bXW inVWead deVcUibeV Whe efficienc\ Rf
RXU deVign. OXU final deVign VRlXWiRn cRnVideUV WhiV RbjecWiYe WhURXgh emiVViRn Rf VcenWV
WhaW JaSaneVe beeWleV VWa\ aZa\ fURm. If Whe beeWleV aUe UeSelled b\ Whe VcenW, When Whe
SlanWV Zill nRW be damaged b\ Whem.

2) Works Zith mXltiple different plants: OXU clienW haV man\ diffeUenW SlanWV in WheiU gaUden,
VXch aV UaVSbeUU\, SXUSle flRZeUing UaVSbeUU\, TXince, aSSle, and gUaSe SlanW. OXU
VRlXWiRn aimV WR ZRUk ZiWh all WheVe diffeUenW SlanWV. ThiV iV an RbjecWiYe aV Whe W\SeV Rf
SlanWV WhaW Whe deVign ZRUkV ZiWh ma\ YaU\ be\Rnd a binaU\ eYalXaWiRn. The final deVign
VRlXWiRn meeWV WhiV RbjecWiYe ZiWh iWV hanging mechaniVm, Zhich iV a VimSle lRRS Rf
fiVhing line WhaW can be hXng Rn bUancheV RU ZRRden VWakeV, and iWV lighW ZeighW.

3) DXrable to the elements: WiWh hRW and hXmid VXmmeUV in Whe EaVW CRaVW accRmSanied
ZiWh fUeTXenW Uain, RXU deYice VhRXld be able WR accRmmRdaWe diYeUVe ZeaWheU cRndiWiRnV.
ThiV RbjecWiYe and Whe VXbVeTXenW RbjecWiYeV fRllRZ Whe VWandaUd adjecWiYe deVcUiSWiRn.
HeUe, Ze ZanW a dXUable deVign. The final deVign VRlXWiRn iV SUimaUil\ cRmSRVed Rf
SlaVWicV WhaW aUe YeU\ cRmfRUWable in Whe cRndiWiRnV menWiRned abRYe.

4) Long-lasting: OXU clienW ZiVheV WR XVe Whe VRlXWiRn RYeU a lRng SeUiRd Rf Wime WR helS VaYe
cRVWV in Whe lRng WeUm. LRng-laVWing iV an RbjecWiYe heUe aV iW iV a meaVXUable
chaUacWeUiVWic Rf Whe deVign. OXU final deVign VRlXWiRn WakeV lRng-laVWing inWR cRnVideUaWiRn
b\ XVing lRng-laVWing SlaVWic, Zhich WieV inWR dXUabiliW\ WR Whe elemenWV.
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5) Eas\ to remoYe: OXU clienW alVR Rnl\ needV Whe VRlXWiRn in Whe VXmmeU Zhen Whe beeWleV
aUe acWiYe, VR iW ZRXld be beVW if iW can eaVil\ be XninVWalled Zhen nRW needed. FeaVibiliW\
iV a meaVXUable chaUacWeUiVWic and VR WhiV iV an RbjecWiYe fRU RXU deVign. OXU final deVign
VRlXWiRn¶V VimSle hanging mechaniVm and Vmall Vi]e allRZV eaV\ UemRYal Rf Whe deVign.

6) Eas\ to maintain: SWXdenW ZRUkeUV Wend Whe gaUden, VR iW ZRXld be beWWeU fRU RXU clienW if
RXU VRlXWiRn ZaV eaV\ WR mainWain. The clienW alVR menWiRned WhaW Whe\ ZRXld nRW like WR
haYe RXU deVign UeTXiUe mRUe Whan an hRXU Rf labRU SeU Zeek. The final deVign VRlXWiRn
UeflecWV WhiV ZiWh Whe lRng lifeWime Rf SeSSeUminW Ril in a Ueed diffXVeU, Zhich laVWV a
mRnWh Rn aYeUage ZiWh aURXnd 3 R]. Rf Ril. JXVW aV Whe SUeYiRXV RbjecWiYe, feaVibiliW\ iV
meaVXUable, and VR being eaV\ WR mainWain iV an RbjecWiYe fRU RXU deVign.

7) Affordable: IW ZRXld be ideal fRU RXU deVign WR be SXW Rn all Whe SlanWV WhaW haYe VXffeUed
JaSaneVe beeWle damage and WhXV RXU deVign mXVW be able WR be bXilW and inVWalled
mXlWiSle WimeV. TheUefRUe, haYing an affRUdable VRlXWiRn Zill allRZ SURdXcWiRn Rf mXlWiSle
SURdXcWV WR be cheaS. The meaVXUabiliW\ Rf cRVW makeV affRUdable an RbjecWiYe fRU RXU
deVign. OXU final deVign VRlXWiRn mainl\ XWili]eV 3D SUinWing, Zhich Zill be cheaS fRU
maVV SURdXcWiRn. The RWheU VXSSlieV WR bXild RXU final deVign VRlXWiRn aUe cheaS fRU laUge
TXanWiWieV, eVSeciall\ SeSSeUminW Ril in bXlk.

8) Safe: Man\ familieV, facXlW\, and VWXdenWV fUeTXenW Whe CRmmXniW\ GaUden, and WhXV Whe
deVign mXVW nRW haYe an\ VhaUS SaUWV WhaW cRXld injXUe SeRSle. ThiV iV VeSaUaWe fURm Whe
chemicalV and SeVWicideV cRnVWUainW, and iV inVWead a meaVXUable chaUacWeUiVWic Rf Whe
VhaSe Rf Whe deVign, making iW an RbjecWiYe. OXU final deVign VRlXWiRn anVZeUV WhiV b\
being lighW ZeighW and haYing nR VhaUS SRinWV WR iW.
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PULRULWL]aWLRQ Rf ObMecWLYeV (PCC)

AffRUdabl
e

EaV\ WR
mainWain

WRUkV
ZiWh
diffeUenW
SlanWV

DXUable WR
Whe
elemenWV

LRng-laVW
ing

EaV\ WR
UemRYe

MiWigaWeV
beeWle
damage WR
SlanWV

Safe TRWal
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FigXre 1: PairZise Comparison Chart ranking the objectiYes

BaVed Rn Whe PCC, Whe RUdeU Rf imSRUWance fRU RXU RbjecWiYeV iV:
1. MiWigaWeV beeWle damage WR SlanWV
2. Safe
3. EaV\ WR mainWain
4. DXUable WR elemenWV
5. LRng-laVWing
6. WRUkV ZiWh diffeUenW SlanWV
7. EaV\ WR UemRYe
8. AffRUdable
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We SXW miWigaWeV beeWle damage aV RXU WRS RbjecWiYe aV iW¶V ZhaW RXU clienW iV mRVW
cRnceUned ZiWh and Whe main SXUSRVe Rf RXU deYice. SafeW\ ZaV made VecRnd aV RXU clienW alZa\V
VWUeVVed hRZ imSRUWanW iW ZaV fRU RXU VRlXWiRn WR be Vafe in all RXU meeWingV Vince iW ZaV likel\
WhaW childUen ZRXld be neaU Whe VRlXWiRn. We made eaV\ WR mainWain RXU WhiUd cRnceUn aV RXU
clienW WRld XV WhaW Whe VRlXWiRn VhRXld nRW UeTXiUe WRR mXch hXman aWWenWiRn RU labRU, like abRXW
an hRXU Rf labRU a Zeek, WhRXgh Whe\ did nRW VWUeVV iW aV mXch aV VafeW\. DXUable WR elemenWV ZaV
ne[W aV alWhRXgh imSRUWanW, Whe ZeaWheU in Whe EaVW CRaVW aURXnd Whe VXmmeU ZaVn¶W WRR haUVh.
LRng-laVWing fRllRZed, aV alWhRXgh RXU clienW VWUeVVed WhaW Whe\ ZanWed a lRng-laVWing VRlXWiRn,
Ze felW WhaW Whe RbjecWiYeV Ze VWaWed eaUlieU ZeUe mRUe imSRUWanW Vince if Ze¶d UaWheU meeW Rne Rf
Whe RWheU RbjecWiYeV RU lRng-laVWing, Ze ZRXld alZa\V chRRVe Rne Rf Whe eaUlieU VWaWed RbjecWiYeV
Vince Whe\ led WR a mRUe fXncWiRnal VRlXWiRn. Ne[W ZaV ZRUking ZiWh diffeUenW SlanWV aV Ze aV a
Weam felW iW ZRXld be a UaWheU eaV\ RbjecWiYe WR meeW, VR Ze ZeUen¶W WRR cRnceUned abRXW iW. EaV\
WR UemRYe fRllRZed, aV RXU clienW Vaid iW ZRXld be fine if Whe\ had WR leaYe Whe VRlXWiRn RXW all
\eaU, bXW WhaW Whe\¶d UaWheU nRW if SRVVible. Finall\ Ze made affRUdable RXU leaVW imSRUWanW
RbjecWiYe aV RXU clienW VWUeVVed WR XV WhaW iW ZaV fine if Ze ZenW a biW RYeU bXdgeW, VhRZing iW
ZaVn¶W WhaW big Rf a cRnceUn fRU Whem.
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FXQcWLRQV & MRUSKRORgLcaO CKaUW
AfWeU Whe VecRnd clienW meeWing ZiWh Tanja and Mike, cRmbined ZiWh UeVeaUch, Ze ZeUe able WR
cRme XS ZiWh a liVW Rf fXncWiRnV and meanV fRU RXU deVign.

1) KeeSV beeWleV RXW fURm gaUden SlRWV
2) Take beeWleV Rff Rf Whe SlanWV UegXlaUl\
3) Kill beeWleV
4) QXaUanWineV beeWleV
5) PUeYenWV beeWleV fURm eaWing Whe leaYeV
6) RemRYeV aV man\ JaSaneVe beeWleV aV SRVVible
7) KeeSV ZRRdchXckV fURm beUUieV (VWUeWch gRal)

AV Whe fiUVW fRXU fXncWiRnV fall XndeU fXncWiRn 5 and 6, and fXncWiRn 7 iV a VWUeWch gRal, Ze RmiWWed
Whe WhUee fURm RXU mRUShRlRgical chaUW.

FXQcWLRQ MeaQV

KeeSV beeWleV
RXW fURm
gaUden SlRWV

deYice
VXUURXndV
Whe e[WeUiRU
RU
ciUcXmfeUen
ce Rf SlRW

WiUe
neWWing

LXUing
WUaSV
RXWVide Rf
Whe SlRWV

Chemical
VcenW
baUUieU?

BeeWle
UecRgniWi
Rn laVeUV
>:D

ReSXlViYe
VRXnd
ZaYeV

SXUURXnd
ZiWh
SlanWV WhaW
aUe leVV
aSSealing
WR Whe
beeWleV

Take beeWleV
Rff Rf Whe
SlanWV
UegXlaUl\

Picking
URbRW

HXman
labRU
(nRW
Yiable)

DeYice
RSeUaWed b\
hand WR
Sick beeWleV

PlanW-
Vhaking
deYice +
beeWle
cRllecWiR
n

NR]]le
RU VSUa\
WR
diVWUibXWe
VRaS\
ZaWeU/inV
ecWicide

Leaf
VcUaSeUV/
UakeV?

VacXXm

Kill beeWleV SRaS\ ZaWeU TUaSV NRn-
haUmfXl
chemicalV/i
nVecWicideV

PUedaWRU
SeVW
(Wachinid)

PUedaWRU
animalV
(biUdV)

Milk\
VSRUe
diVeaVe

Neem Ril deVWUR\
beeWle
hiYeV

QXaUanWineV
beeWleV

CRnWaineUV
WhaW hRldV
caXghW
beeWleV

One-Za\
enWU\ WUaS

WeW and
VliSSeU\
cRnWaineUV

SSecial
geRmeWUi
eV WhaW
SUeYenWV
climbing

FigXre 2: Morphological Chart
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DeVLgQ AOWeUQaWLYeV

FigXre 3: OXr first tZo design alternatiYes
We cUeaWed WZR iniWial deVignV WhaW fiW Whe RbjecWV, fXncWiRnV, and cRnVWUainWV WhaW Tanja

and Mike had e[SUeVVed, Zhich aUe dUaZn abRYe.
1) SSUa\ hRVe cRnWUaSWiRn aURXnd SlanWV, diVSeUVing UeSelling VcenWV
2) WiUe neWWing dUaSed RYeU SlanWV

We came XS ZiWh Whe fiUVW deVign alWeUnaWiYe aV Ze did UeVeaUch and fRXnd WhaW WheUe ZeUe
VcenWV JaSaneVe beeWleV didn¶W like and aYRided.1 ThiV ZaV laWeU UeinfRUced Zhen RXU clienW Tanja
WRld XV WhaW heU chiYeV ZeUe XnhaUmed b\ Whe beeWleV, Zhich emiWWed a VcenW Whe\ didn¶W like. We
came XS ZiWh Whe VecRnd deVign alWeUnaWiYe aV iW Veemed like an eaV\ Za\ WR keeS Whe JaSaneVe
beeWleV RXW Rf Whe SlanWV ZiWhRXW needing SeVWicideV. WiWh WhiV infRUmaWiRn, Ze nRWiced WhaW Ze
cRXld alVR cRYeU Whe ZiUe neWWing ZiWh Whe UeSelling VcenWV WR helS diVSel Whe beeWleV RU VWick\
maWeUial WR TXaUanWine Whem RnWR Whe ZiUe. We alVR came XS ZiWh Whe fRllRZing deVign
alWeUnaWiYeV:

3) SWURng cXUUenWV/fanV WhaW SXVh beeWleV aZa\ fURm chRVen SlanWV
4) ScenW DiVSenVeU

We came XS ZiWh Whe WhiUd deVign alWeUnaWiYe aV Ze ZeUe WRld b\ Mike iW WakeV liWWle fRUce WR
UemRYe Whe JaSaneVe beeWleV fURm Whe SlanW, VR iW Veemed feaVible WhaW Ze cRXld XVe VWURng
cXUUenWV fURm a fan WR SXVh Whe beeWleV aZa\ fURm Whe chRVen SlanWV and eYen blRZ Whem Rff Whe
SlanW. Finall\, Whe fRXUWh deVign alWeUnaWiYe fRllRZed Whe Vame lRgic aV Whe fiUVW deVign alWeUnaWiYe
aV iW XVed UeSelling VcenWV WR keeS beeWleV RXW Rf Whe gaUden, bXW inVWead Whe VcenWV ZeUe emiWWed
fURm a Vmall deYice neaU Whe SlanW.

1Source: hWWSV://SeVWSRinWeUV.cRm/VcenWV-WhaW-jaSaneVe-beeWleV-haWe-and-hRZ-WR-XVe-Whem/

https://pestpointers.com/scents-that-japanese-beetles-hate-and-how-to-use-them/
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SeOecWLRQ APRQg AOWeUQaWLYeV
WiWh WheVe fRXU deVign alWeUnaWiYeV in mind, Ze cUeaWed a beVW in claVV chaUW, VhRZn

belRZ.

FigXre 4: Best of Class (BOC) Chart

We can immediaWel\ geW Uid Rf Whe VecRnd and WhiUd deVignV aV Whe\ YiRlaWe Whe cRnVWUainW
Rf nRW haUming beeV RU ZRRdchXckV. The ZiUe neWWing Rf Whe VecRnd deVign YiRlaWed WhiV
cRnVWUainW aV Ze ZURngfXll\ aVVXmed WhaW Whe beeV ZeUe VmalleU Whan Whe beeWleV, aV Whe beeV ZeUe
acWXall\ laUgeU. TheUefRUe Whe VecRnd deVign ZRXld nRW allRZ beeV inWR Whe deViUed SlanWV, Zhich
Tanja e[SUeVVed ZaV imSRUWanW becaXVe Rf Whe beeV¶ URle in SRllinaWiRn in Whe gaUden. The VWURng
aiU cXUUenWV Rf Whe WhiUd deVign YiRlaWe Whe cRnVWUainW Rf nRW haUming Whe beeV, aV Whe beeV ZRXld
be affecWed b\ Whe VWURng cXUUenWV/fanV WhaW SXVh Whe beeWleV aZa\ fURm Whe SlanWV WhaW UeTXiUe
SRllinaWiRn. ThXV Ze ZeUe lefW ZiWh Whe fiUVW and fRXUWh deVignV. LRRking aW Whe BOC ChaUW, Ze
can Vee WhaW Whe fRXUWh deVign RXWVcRUed Whe fiUVW deVign Rn all Whe RbjecWiYeV. The fiUVW deVign
ZRXld alVR nRW be YeU\ aeVWheWicall\ SleaVing, difficXlW WR inVWall, and mRUe cRVWl\ and leVV
enYiURnmenWall\ fUiendl\ dXe WR iWV Vi]e and maWeUialV, WhingV WhaW dRn¶W aSSl\ WR Whe fRXUWh deVign
RU RccXU WR a leVVeU e[WenW. In cRnclXViRn, afWeU SUeVenWing RXU deVign alWeUnaWiYeV WR RXU clienWV,
PURfeVVRU TVai, and PURfeVVRU SanWana, and jXdging Whem ZiWh a BOC chaUW, Ze chRVe WR cRmbine
Whe cRnceSWV Rf XVing VcenWV WR UeSel Whe JaSaneVe beeWleV and a mechaniVm WhaW ZRXld diVSeUVe
Whe VcenW, Zhich ZaV RXU fRXUWh deVign.
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FLQaO PURWRW\Se DeVLgQ: FXQcWLRQV aQd MeaQV

FigXre 5.1: E4 Team Final Protot\pe,³B\e Beetles´

FigXre 5.2: E4 Team Final Protot\pe CAD Demonstration in e[ploded YieZ
(Rod, conical hood, Yessel¶s lid, and Yessel from top to bottom)
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OXU deVign cRnViVWV Rf 4 main cRmSRnenWV: YeVVel ZiWh hRleV, cRnical hRRd, URd, and Ueed
diffXVeU ZickV. The YeVVel cRnWainV Whe VcenW and hRldV Whe Ueed diffXVeU VWickV and URd in Slace.
The cRnical hRRd VhieldV fURm Uain and SURWecWV Whe UeedV, and iV adjXVWable Vince iW iV held in
Slace ZiWh UemRYable mRXnWing SXWW\. The URd aWWacheV Whe YeVVel WR Whe WUee, and haV a cleaU
fiVhing line WhaW iV adjXVWable fRU diffeUenW SlanWV. LaVWl\, Whe Ueed diffXVeUV aUe SRURXV and
abVRUbenW, and affRUdable and eaV\ WR find aW mRVW hRme decRU VWRUeV. AnRWheU imSRUWanW aVSecW
Ze ZRXld like WR highlighW iV WhaW Ze mRYed fURm a dUiS mechaniVm, fURm RXU lRZ UeVRlXWiRn
SURWRW\Se, WR a Ueed diffXVeU deVign fRU RXU final SURWRW\Se. ThiV neZ deVign iV eaVieU WR mainWain
and mRUe efficienW aV iW ZRXld beWWeU diVSeUVe Whe VcenW ZiWh minimal hand RSeUaWiRn.
FXUWheUmRUe, ZRRden UeedV aUe mRUe dXUable WR Whe elemenWV and lRngeU laVWing Whan flimV\
ZaWeUcRlRU SaSeU, Zhich fiWV ZiWh RXU RbjecWiYeV Rf dXUabiliW\ and enYiURnmenWall\ fUiendl\.

AlWhRXgh 3D SUinWing filamenW iV nRW Whe mRVW enYiURnmenWall\ cRnVciRXV maWeUial, RXU
clienW dReV nRW haYe acceVV WR a machine VhRS, bXW dReV haYe 3D SUinWing UeVRXUceV. HRZeYeU,
Whe VcenW and diffXVeU VWickV cUeaWe minimal Vingle-XVe ZaVWe, and WhXV, WheVe maWeUialV aUe beWWeU
fRU Whe enYiURnmenW. ThXV, Ze decided WhaW 3D SUinWing ZRXld be Whe mRVW feaVible meWhRd fRU
RXU clienW WR UeSlicaWe Whe YeVVel and URd SaUWV. TheVe cRmSRnenWV ZRUk WRgeWheU WR cUeaWe a
deVign WhaW deWeU JaSaneVe beeWleV Zhile being dXUable, eaV\ WR RSeUaWe, feaVible and acceVVible
fRU Whe clienW WR UecUeaWe, and aV enYiURnmenWall\ fUiendl\ aV SRVVible.

The fXncWiRnV Rf RXU deVign and Whe meanV b\ Zhich Whe\ ZeUe achieYed aUe belRZ. NRWe
WhaW Ze added neZ fXncWiRnV WhaW ZeUe mRUe UeleYanW WR RXU deVign and UemRYed fXncWiRnV WhaW
ZeUe iUUeleYanW WR RXU deVign.

1) Keeps beetles oXt from garden plots: We accRmSliVhed WhiV WhURXgh Whe meanV Rf
emSlR\ing Ueed diffXVeU ZickV and aUUanging Whem in a ciUcXlaU SaWWeUn Rn Whe lid Rf Whe
deYice. The Ueed diffXVeU diVSeUVeV Whe VcenW VR WhaW Whe JaSaneVe beeWleV aYRid Whe SlanWV.

2) Fits on different plants: We accRmSliVhed WhiV fXncWiRn WhURXgh Whe meanV Rf XVing cleaU,
dXUable fiVhing line. The fiVhing line iV adjXVWable and eaVil\ UemRYable, allRZing iW WR fiW
Rn diffeUenW SlanWV.

3) PreYents beetles from eating the leaYes: BecaXVe Whe beeWleV Zill nRW enWeU Whe gaUden
SlRWV becaXVe Rf Whe VcenW, Whe\ Zill nRW be able WR Ueach Whe SlanWV¶ leaYeV, aV Zell aV
bUeed and la\ eggV in Whe YiciniW\ in Whe WUee.

4) RemoYes as man\ japanese beetles as possible: FURm RXU WeVWing, Ze leaUned WhaW Whe
SRViWiRning Rf RXU UeedV and Whe 1 R] SeSSeUminW Ril cRncRcWiRn allRZed fRU Whe VcenW WR
be diVSeUVed SaVW 5 \aUdV. Since iW UeacheV WhiV bURad diVWance, iW Zill deWeU aV man\
JaSaneVe beeWleV in Whe YiciniW\ aV SRVVible.
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EYaOXaWLRQ Rf DeVLgQ
When eYalXaWing RXU deVign, Ze came XS ZiWh fiYe TXeVWiRnV Ze ZanWed RXU deVign WR

anVZeU:
1. HoZ easil\ maintained is oXr design?
OXU clienW Tanja e[SUeVVed WhaW eaV\ mainWenance iV Rne Rf Whe mRVW imSRUWanW RbjecWiYeV, aV Vhe
ZRXld SUefeU WR VSend leVV Whan Rne hRXU SeU Zeek acWiYel\ RSeUaWing Whe deYice. LeaYing Whe
SURWRW\Se filled ZiWh SeSSeUminW Ril and TXaliWaWiYel\ meaVXUing hRZ lRng Whe VcenW laVWV Zill
demRnVWUaWe hRZ fUeTXenWl\ Whe VcenW mXVW be UeSlaced and WhXV hRZ eaV\ iW iV WR mainWain.

2. HoZ Zell is the scent dispersed?
OXU SUimaU\ RbjecWiYe iV WR miWigaWe beeWle damage, and VR Ze ZiVh WR Vee hRZ faU Whe
SeSSeUminW VcenW diVSeUVeV WhURXgh Whe aiU and hRZ VWURng Whe VcenW ZRXld be, aV WhRVe facWRUV
cRUUelaWe ZiWh mRUe effecWiYe UeSXlViRn fRU Whe JaSaneVe beeWleV. B\ TXaliWaWiYel\ WeVWing Whe
VWUengWh Rf Whe VcenW and TXanWiWaWiYel\ UecRUding hRZ faU Whe VcenW gReV, Ze can Vee hRZ Zell
Whe VcenW iV diVSeUVed.

3. HoZ dXrable is the deYice to the enYironment?
ThiV TXeVWiRn SaiUV ZiWh Whe RbjecWiYe Rf dXUabiliW\ WR Whe elemenWV. In Whe VXmmeU, WilliamV
CRllege e[SeUienceV fUeTXenW Uain and Zind\ SeUiRdV. TeVWing RXU SURWRW\Se in diffeUenW
cRndiWiRnV Zill giYe XV a SicWXUe Rf hRZ dXUable Whe deVign Zill be in Whe EaVW CRaVW.

4. HoZ eas\ is the deYice to operate?
ThiV TXeVWiRn SaiUV ZiWh Whe RbjecWiYe Rf eaV\ WR mainWain and eaV\ WR UemRYe. EaV\ RSeUaWiRn
allRZV fRU eaVieU mainWenance and Vince Whe deYice iV Rnl\ needed in Whe VXmmeUWime, Whe deYice
VhRXld be eaV\ WR UemRYe Zhen Whe ZeaWheU iV cRRleU. FXUWheUmRUe, man\ VWXdenWV YRlXnWeeU aW
Whe VWXdenW gaUden VR Whe deYice VhRXld be eaV\ WR RSeUaWe fRU WhRVe WhaW aUe leVV e[SeUienced
ZiWh gaUden ZRUk and engineeUing. FRU RXU final SURWRW\Se deVign, Ze aUe VWill XVing a WhUead RU
VWUaS WR eaVil\ VecXUe RXU deYice Rn bUancheV RU hRRked VWakeV.

5. HoZ Zell does the deYice Zork Zith mXltiple different plants?
The JaSaneVe beeWleV in Whe WilliamV CRllege CRmmXniW\ GaUden aWWack UaVSbeUU\, SXUSle
flRZeUing UaVSbeUU\, TXince, aSSle, and gUaSe SlanWV, Zhich aUe Rf YaU\ing Vi]eV and VhaSeV. B\
cRnVideUing Whe indiYidXal diffeUenceV beWZeen each SlanW, Ze Ueali]ed WhaW Ze needed WR cUafW a
deVign ZiWh an eaVil\ adjXVWable aWWachmenW meWhRd RU VhaSe. FRU RXU final SURWRW\Se, Ze belieYe
iW WR be eaVil\ hXng Rn WUeeV and fRU bXVheV iW Zill likel\ need a hRRked VWake.

WiWh WheVe fiYe TXeVWiRnV in mind Ze came XS ZiWh meWUicV WR eYalXaWe hRZ Zell RXU SURWRW\Se
anVZeUed RXU deViUed TXeVWiRnV. ThiV eYalXaWiRn Slan and Whe UeVXlWV fURm iW aUe belRZ.
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QXestion 1: HoZ easil\ maintained is oXr design?

EYalXaWiRn: Time hRZ lRng iW WakeV fRU Whe VcenW WR be nR lRngeU SUeVenW and UeTXiUe mRUe
UeedV and Ril WR be RSeUaWiRnal.

DeVcUiSWiRn ScRUe

IW WakeV mRUe Whan a Zeek fRU iW fRU iW be
UeSlaced

5

IW WakeV mRUe Whan 5 da\V fRU iW WR be UeSlaced 4

IW WakeV mRUe Whan 3 da\V fRU iW WR be UeSlaced 3

IW WakeV mRUe Whan a da\ fRU iW WR be UeSlaced 2

IW WakeV leVV Whan a da\ fRU Whem WR be UeSlaced 1

FigXre 6.1: Metrics for testing hoZ long the scent lasts

JXVWificaWiRn: OXU deVign VhRXld be aV lRng laVWing VR iW needV WR be UeSlaced leVV RfWen
and WhXV WakeV leVV mainWenance.

ReVXlWV: While Ze didn¶W haYe enRXgh Wime WR SURSeUl\ WeVW RXU deVign, baVed Rn Whe
amRXnW Rf Ril Ze XVed Rn Whe nighW Rf WeVWing and RWheU SeRSle¶V findingV Rn hRZ lRng Whe
VcenW laVWV, iW¶V likel\ WhaW RXU deYice ZRXld nRW need WR be UeSlaced/mainWained fRU
VeYeUal da\V aW Whe leaVW.23 EYen When, UeSlacing Whe Ril and UeedV ZRXld nRW Wake lRng. IW iV
alVR likel\ WhaW incUeaVing Whe amRXnW Rf Ril in Whe deYice ZRXld incUeaVe Whe Wime
beWZeen mainWenance SeUiRdV.

QXestion 2: HoZ Zell is the scent dispersed?

EYalXaWiRn: See hRZ faU aZa\ SaUWiciSanWV can geW fURm Whe deVign and VWill be able WR
deWecW Whe VcenW.

DeVcUiSWiRn ScRUe

ScenW deWecWed RYeU 4 \aUdV 5

ScenW deWecWed RYeU 3 \aUdV 4

ScenW deWecWed RYeU 2 \aUdV 3

ScenW deWecWed RYeU 1 \aUdV 2

3 SRXUce: hWWSV://ZZZ.feaWheUandblack.cRm/Rnline-feaWXUeV/inVSiUaWiRn/hRZ-WR-XVe-a-Ueed-diffXVeU
2 SRXUce: hWWSV://RliYeUandgUaSel\.cRm/hRZ-lRng-dR-eVVenWial-RilV-laVW-hRZ-WR-VWRUe-fRU-beVW-Vhelf-life/
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ScenW deWecWed XndeU 1 \aUdV 1

FigXre 6.2: Metrics for testing hoZ Zell the scent is dispersed

JXVWificaWiRn: AfWeU Walking ZiWh PURfeVVRU SanWana, PURfeVVRU TVai, and Tanja, Ze decided
WhaW Whe mRVW feaVible meWhRd ZaV WR emSlR\ hXman VXbjecWV WR meaVXUe Whe efficac\ Rf
Whe VcenW.

ReVXlWV:

PaUWiciSanW NXmbeU PaUWiciSanW ScRUe Feedback

1 ES 3 He cRXld VWaUW WR
Vmell Whe VcenW aW 5
feeW bXW felW Whe
feeling Rf iW aW 5 \aUdV

2 JP 5 felW a YeU\ VlighW
bXUning VenVaWiRn in
nRVWUilV

3 LC 3 BXUnV nRVWUilV

4 BD 5 EaV\ WR Vmell

5 AT 2 She WhRXghW Whe
SXUSRVe ZaV WR
VXSSUeVV Whe Vmell

6 JN 4 He did nRW knRZ
ZhaW iW ZaV VXSSRVed
WR dR

7 JL 5 She cRXld Vmell Whe
VcenW UighW aZa\ aW 5
\aUdV

8 MB 5 Smelled iW enWeUing
Whe E4 VWXdiR

FigXre 7.1: Scores and feedback for each participant for eYalXating scent dispersion

The VcenW ZaV deWecWable fURm a decenW diVWance b\ hXmanV. LRRking aW Whe daWa, Ze Vee
an aYeUage VcRUe Rf 4, VhRZing WhaW RXU deVign dReV a gRRd jRb Rf diVSeUVing Whe VcenW.
AfWeU VRme mRUe Wime had SaVVed, Whe VcenW VSUead and ZaV deWecWable fURm an eYen
laUgeU Uange, aV SeRSle cRXld Vmell jXVW b\ enWeUing Whe E4 VWXdiR. The amRXnW Rf VcenW
emiWWed cRXld alVR be imSURYed b\ XVing a diffeUenW mi[WXUe Rf Ril, ZaWeU, and alcRhRl WR
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helS SURmRWe Whe VcenW¶V diVSeUViRn, aV Ze Rnl\ eVWimaWed Whe TXanWiWieV needed. DXe WR
bRWh Rf WheVe cRnceUnV Ze¶d like WR dR fXUWheU WeVWV aV iW¶V Uange ma\ be laUgeU Whan ZhaW
Ze gRW fURm WhiV WeVW. AlWhRXgh iW iV XnknRZn hRZ VWURng Whe JaSaneVe beeWleV' VenVe Rf
Vmell iV, RXU deYice ZRXld likel\ dR a decenW jRb aV JaSaneVe beeWleV haYe a gUeaWeU VenVe
Rf Vmell Whan hXmanV4.

QXestion 3: HoZ dXrable is oXr deYice to damage from the enYironment?

EYalXaWiRn 1:TeVW WR Vee hRZ Whe deYice iV damaged b\ VWURng Zind (can dR WhiV ZiWh
fanV)

DeVcUiSWiRn ScRUe

DeYice iV in Whe Vame cRndiWiRn 5

DeYice haV minimal damage, VXch aV
VcUaWcheV

4

DeYice iV mRdeUaWel\ damaged (nRW e[ceeding
denWV)

3

DeYice iV RSeUaWiRnal bXW in bad cRndiWiRn 2

DeYice iV XnRSeUaWiRnal 1

FigXre 6.3: Metrics for testing hoZ dXrable the deYice is to strong Zind

JXVWificaWiRn 1: HXman RbVeUYaWiRn Rf Sh\Vical damage iV Whe mRVW efficienW and feaVible
meWhRd WR deWecW Whe dXUabiliW\ Rf RXU deYice.

ReVXlWV 1:

RPM Rf Fan ScRUe Feedback

300 5 A liWWle biW Rf ZRbble bXW nR damage

350 5 GRRd

380 5 GRRd

390 5 GRRd

PaUVRnV
HallZa\
neaU

5 A liWWle biW Rf ZRbble bXW nR damage

4 SRXUce: hWWSV://ZZZ.WUibWRda\.cRm/life/lifecRYeUV/2021/04/Ta-hRZ-dR-i-geW-Uid-Rf-jaSaneVe-beeWle-gUXbV/
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cRXUW\aUd aW
8Sm

PaUVRnV
CRXUW\aUd aW
8Sm

5 GRRd

FigXre 7.2: ResXlts for Zind simXlation

WindV Rf mRdeUaWe YelRciW\ did nRW YiVibl\ damage RXU deYice. The deYice ZRbbled a
Vmall amRXnW in changing Zind, bXW nRW enRXgh WR fall if Slaced VecXUel\ Rn iWV
bUanch/hangeU. NR liTXid ZaV lRVW aV Zell. OYeUall RXU SURWRW\Se gRW a VcRUe Rf 5 fRU WhiV
WeVW, VhRZing iW WR be dXUable WR Zind.

EYalXaWiRn 2: DURS Whe deYice fURm a UeaVRnable heighW and Vee hRZ iW¶V affecWed

DeVcUiSWiRn ScRUe

DeYice iV in Whe Vame cRndiWiRn 5

DeYice haV minimal damage, VXch aV
VcUaWcheV

4

DeYice iV mRdeUaWel\ damaged (nRW e[ceeding
denWV)

3

DeYice iV RSeUaWiRnal bXW in bad cRndiWiRn 2

DeYice cannRW be RSeUaWed 1

FigXre 6.4: Metrics for testing hoZ dXrable the deYice is to height drops

JXVWificaWiRn 2: HXman RbVeUYaWiRn Rf Sh\Vical damage iV Whe mRVW efficienW and feaVible
meWhRd WR deWecW Whe dXUabiliW\ Rf RXU deYice.

ReVXlWV 2:

PUeVVXUe LeYel Rf ShRZeU
WaWeU

CRndiWiRn ScRUe

LeYel 1 VeU\ GRRd 5

LeYel 2 VeU\ GRRd 5

LeYel 3 VeU\ GRRd 5
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FigXre 7.3: ResXlts for rain simXlation

VaU\ing leYelV Rf ZaWeU, fURm a VimXlaWed dUi]]le WR a dRZnSRXU, did nRW YiVibl\ damage
RXU deYice. The cRYeU did iWV jRb Zell. A Vmall amRXnW Rf ZaWeU gaWheUed Rn Whe VideV and
WRS Rf Whe deYice. A YeU\ Vmall amRXnW Rf ZaWeU made iW inWR Whe chambeU ZiWh Whe
VcenWed Ril, bXW did nRW affecW Whe VWUengWh Rf Whe VcenW aV ZaWeU ZaV alUead\ an ingUedienW
fRU Whe VcenW. OYeUall RXU SURWRW\Se gRW a VcRUe Rf 5 fRU WhiV WeVW, VhRZing iW WR be dXUable
WR Uain.

EYalXaWiRn 3: TeVW WR Vee hRZ Whe deYice iV affecWed b\ Uain VimXlaWed ZiWh a VhRZeU head.

DeVcUiSWiRn ScRUe

DeYice iV in Whe Vame cRndiWiRn and
RSeUaWiRnal in Uain

5

DeYice iV RSeUaWiRnal in Whe Uain bXW VlighWl\
damaged

4

DeYice iV RSeUaWiRnal in Uain bXW mRdeUaWel\
damaged (nRW e[ceeding denWV)

3

DeYice iV XnRSeUaWiRnal in Uain bXW RSeUaWeV
afWeU Uain iV nR lRngeU SUeVenW

2

DeYice iV fXll\ XnRSeUaWiRnal, eYen afWeU Uain
iV nR lRngeU SUeVenW

1

FigXre 6.5: Metrics for testing resistance to rain

JXVWificaWiRn 3: HXman RbVeUYaWiRn fRU Sh\Vical damage iV Whe mRVW efficienW and feaVible
meWhRd WR meaVXUe Whe dXUabiliW\ Rf RXU deYice.

ReVXlWV 3:

DURS HeighW SXUface DURSSed
USRn

CRndiWiRn ScRUe

6 feeW SRil VeU\ GRRd 5

6 feeW CRncUeWe TRS SaUW fell Rff dXe
WR Whe deWaching Rf
Whe URd and Whe baVe,
bXW eaVil\ UeSaiUable
ZiWh mRUe VXSeUglXe.
The lid iV cUacked bXW

3
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ZaV eaVil\ fi[ed ZiWh
mRUe WaSe

FigXre 7.4: ResXlts for drop test

DURSV fURm a mRdeUaWe deYice Zill nRW deVWUR\ RXU deYice. A dURS RnWR a VRfW VXUface,
VXch aV VRil, Zill inflicW liWWle WR nR damage WR RXU deYice. A dURS RnWR a haUd VXUface,
VXch aV cRncUeWe, ma\ bUeak Whe cRnnecWiRn beWZeen VRme Rf RXU SaUWV, bXW Zill likel\ be
eaV\ WR UeSaiU, aV Zell aV damage Whe cRne. ThiV cRXld alVR be UeVRlYed b\ changing hRZ
Whe SaUWV Rf Whe deYice aUe cRnnecWed. CXUUenWl\ Whe URd iV aWWached WR Whe bR[ ZiWh
VXSeUglXe, bXW Whe deYice ZRXld likel\ be mRUe dXUable WR be dURSSed if iW ZaV cRnnecWed
VRme RWheU Za\, VXch aV a WaSSed hRle RU inVWead aWWaching Whe lid WR Whe bRd\ ZiWh
gURRYeV. The cRne cRXld alVR be made mRUe dXUable aV iW¶V cXUUenWl\ made fURm a Whin
Siece Rf SlaVWic XVed WR make a fRldeU, Zhich cRXld be imSURYed ZiWh a WhickeU Siece Rf
SlaVWic.

QXestion 4: HoZ eas\ is the deYice to operate?

EYalXaWiRn: HaYe SaUWiciSanWV hang Whe deYice, making VXUe WR Wime Whem and aVking fRU
feedback.

DeVcUiSWiRn ScRUe

TakeV XndeU 30 VecRndV WR hang 5

TakeV XndeU a minXWeV WR hang 4

TakeV XndeU 2 minXWe WR hang 3

TakeV XndeU 3 minXWe WR hang 2

TakeV mRUe Whan 3 minXWeV WR hang 1

FigXre 6.6: Metrics for testing operabilit\

JXVWificaWiRn: EmSlR\ing libeUal aUWV VWXdenWV aV SaUWiciSanWV iV UeSUeVenWaWiYe Rf Whe
VWXdenWV aW WilliamV CRllege WhaW ZRXld XVe Whe deYice afWeU RXU clienW cUeaWeV iW.

ReVXlWV:

PaUWiciSanW
nXmbeU

PaUWiciSanW Time WR Hang ScRUe (1-5) Feedback

1 CS 34 VecRndV 4 EaV\ WR VeW XS, lRRkV nice, dReV nRW
XndeUVWand iW¶V fXncWiRn
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2 LB 32 VecRndV 4 N/A

3 JC 43 VecRndV 4 DURSSed iW

4 DL 33 VecRndV 4 Had cRnceUnV WhaW Whe cRne VhRXld
be inVRlXble and WhRXghW Whe bR[
ma\ melW aV iW¶V SeWURleXm-baVed

5 NE 32 VecRndV 4 N/A

6 WM 34 VecRndV 4 N/A

7 PG 2 minXWeV 14
VecRndV

2 DURSSed iW, FRXnd Whe fiVhing ZiUe
haUd WR knRW

FigXre 7.5: ResXlts for participants¶ times it takes to operate

OXU deYice iV faiUl\ VimSle WR VeW XS. HRZeYeU, RYeUall iW gRW a VcRUe Rf 3.7, VhRZing WhaW
WheUe iV VWill URRm fRU imSURYemenW. The haUdeVW SaUW Rf Whe SURceVV Veemed WR be W\ing
Whe knRW in Whe fiVhing line. AdmiWWedl\, WhRXgh Whe fiVhing line iV dXUable, iW iV haUd WR Wie.
AlWeUnaWiYeV WhaW aUe VimilaUl\ VWURng bXW eaVieU WR Wie likel\ e[iVW and mighW ZRUk beWWeU
fRU RXU deVign. We cRXld alVR XVe an adjXVWable VWUaS ZiWh a lRcking mechaniVm WhaW¶V
alUead\ aWWached WR Whe deYice, UeTXiUing Rnl\ WR be adjXVWed fRU Whe VSecific SlanW and
lRcked, nR W\ing needed.

QXestion 5: HoZ Zell does it Zork Zith mXltiple different plants (trees, bXshes, etc. )?

EYalXaWiRn: HaYe SaUWiciSanWV aVVemble and hang Whe deYice Rn diffeUenW SlanWV

DeVcUiSWiRn ScRUe

WRUkV ZiWh all SlanWV, nR VWakeV UeTXiUeV 5

WRUkV ZiWh all SlanWV, VWakeV UeTXiUed fRU
VRme RU all SlanWV

4

3

2

DReV nRW ZRUk ZiWh an\ SlanWV, eYen if VWakeV
XVed

1

FigXre 7.6: Metrics for measXring Yersatilit\ Zith different plants
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JXVWificaWiRn: The JaSaneVe beeWleV aWWack UaVSbeUU\, SXUSle flRZeUing UaVSbeUU\, TXince,
aSSle, and gUaSe SlanWV in Whe WilliamV CRllege CRmmXniW\ GaUden, WhXV iW iV imSRUWanW
fRU Whe deVign WR ZRUk ZiWh mXlWiSle diffeUenW SlanWV.

ReVXlWV: OXU Weam membeUV hXng iW Rn a YaUieW\ Rf diffeUenW SlanWV and WUeeV aURXnd
camSXV. The deYice hXng ZiWhRXW damaging iWVelf RU Whe SlanW, and aW ZRUVW Zeighed a
bUanch dRZn abRXW a fRRW lRZeU Whan iWV RUiginal heighW. We alVR WeVWed iW Rn cRaW hangeUV,
dRRU handleV, and RWheU VWake-like RbjecWV WR helS emXlaWe hRRked VWakeV. Again, WheUe
ZaV nR damage WR Whe hangeUV RU Whe deYice. In facW, Zhen hXng Rn a dRRU handle, iW did
nRW Zeigh Whe handle dRZn enRXgh WR RSen Whe dRRU. The deVign definiWel\ deVeUYeV a
VcRUe Rf 5 Rn SlanWV ZiWh bUancheV and a 4 Rn WhRVe ZiWhRXW bXVheV aV iW cRXld be hXng
fURm a neaUb\ hRRked VWake. We had VRme difficXlWieV ZiWh SXVhing an alUead\ Wied VWUing
RnWR a bUanch ZiWh fRliage, bXW WhiV iVVXe ZRXld be eaVil\ VRlYed b\ W\ing Whe deYice RnWR
Whe bUanch diUecWl\.

IPSacW Rf DeVLgQ
BaVed Rn RXU UeVeaUch and WeVWV, RXU deVign Zill helS miWigaWe Whe damage dRne b\ Whe

VXmmeU JaSaneVe beeWleV Rn Whe WilliamV CRllege CRmmXniW\ GaUden b\ emiWWing XnaSSealing
VcenWV. FXUWheUmRUe, RXU deVign can be a Siece WhaW RXU clienW cRXld SURXdl\ diVSla\ WR Whe
familieV, facXlW\, and VWXdenWV WhaW fUeTXenW and enjR\ Whe CRmmXniW\ GaUden, acWing aV an
edXcaWiRnal demRnVWUaWiRn in an eaVil\ acceVVible, Ueal-ZRUld cRnWe[W. In Whe gaUden, Whe hanging
deYice illXVWUaWeV hRZ Whe\ can UemRYe haUmfXl SeVWV like JaSaneVe beeWleV, Zhile nRW affecWing
beneficial SRllinaWRUV, VXch aV beeV.

OXU deVign and WheVe findingV aUe imSRUWanW becaXVe WheUe aUe nRW man\ VRlXWiRnV WR
JaSaneVe beeWle damage in Whe indXVWU\ WhaW dR nRW UeTXiUe chemical SeVWicideV, inWenViYe hXman
labRU, and haUm WR beneficial SRllinaWRUV. In cRnWUaVW, RXU deVign e[amineV a meWhRd WhaW dReV nRW
e[iVW in Whe indXVWU\ \eW; RXU deVign emSlR\V VXVWainable, biRdegUadable VcenWV WhaW aUe diVSeUVed
in a dXUable cRnWaineU WhaW UeTXiUeV minimal hXman labRU, Zhile being YeUVaWile WR man\ diffeUenW
SlanWV.

LRRking aW Whe laUgeU SicWXUe, if Whe indXVWU\ cRXld adRSW a VimilaU, mRUe VXVWainable and
efficienW alWeUnaWiYe WR WUadiWiRnall\ haUmfXl SeVWicideV, WheUe cRXld be a gUeaWeU VhifW WRZaUdV
ZRUking againVW SURdXcWV WhaW cUeaWe lRng-laVWing deWUimenWal effecWV Rn Whe enYiURnmenW and
SeRSle. Man\ SeVWicideV WhaW haYe been diUecWl\ aVVRciaWed ZiWh Whe nRn-UeneZable deSleWiRn Rf
VRil nXWUienWV, aV Zell aV cUiWical healWh iVVXeV.

FXWXUe RecRPPeQdaWLRQV
AfWeU WhRURXghl\ WeVWing RXU deVign, Ze can cRnclXde WhaW RXU deVign can be imSURYed in

VeYeUal diffeUenW aVSecWV. OXU deYice cRXld be made mRUe acceVVible b\ hanging Whe deYice ZiWh
an adjXVWable VWUaS WhaW haV a lRcking mechaniVm in caVe Rf UamSanW ZeaWheU cRndiWiRnV, aV Whe
URd Rf RXU deVign did cRme Rff Zhen Ze SeUfRUmed a dURS WeVW aW a heighW Rf 6 feeW XSRn cRncUeWe.
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FXUWheUmRUe, RXU deYice cRXld be made mRUe dXUable b\ XVing a WhickeU Siece Rf fle[ible SlaVWic,
VXch aV VhaSeable Sle[iglaVV, fRU Whe cRnical hRRd. AnRWheU aVSecW WhaW cRXld be imSURYed XSRn
iV b\ cRnnecWing Whe lid WR Whe bR[ ZiWh gURRYeV inVWead Rf Whe URd WR Whe bR[ ZiWh VXSeUglXe fRU
gUeaWeU dXUabiliW\. Finall\, Ze cRXld alVR imSURYe Whe diVSeUViRn Rf VcenW b\ cUeaWing a beWWeU
UeVeaUched VRlXWiRn Rf Ril, ZaWeU, and alcRhRl fRU Whe Ueed WR abVRUb, SeUhaSV b\ cRnVXlWing a
licenVed enWRmRlRgiVW RU chemiVW VSeciali]ing in bXgV RU JaSaneVe beeWleV. WiWh fXUWheU
imSURYemenWV WR RXU deVign, RXU clienW ZRXld UeTXiUe leVV deYiceV WR cRYeU WheiU fXll gaUden,
Zhich ZRXld be eaVieU WR hang, mRUe dXUable WR Whe enYiURnmenW, and eaVieU WR RSeUaWe, and
SeUhaSV, RWheU cRmmXniW\ gaUdenV in Whe EaVW CRaVW cRXld XVe RXU deVign fRU WheiU RZn VSecific
SeVW iVVXeV.

FLQaO DeVLgQ CAD (PacN & GR)
OXU Final DeVign CAD (Pack & GR) iV lRcaWed heUe.

PaUW DUaZLQgV

FigXre 8.1. DraZing of Rod

https://drive.google.com/file/d/1hNfXpI0vqDZpXb1sXJbyozTIdLmRD9Ox/view?usp=sharing
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FigXre 8.2. DraZing of Conical Hood

FigXre 8.3. DraZing of Vessel Lid
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FigXre 8.4. DraZing of Vessel Bod\

AVVePbO\ DUaZLQg

FigXre 9. All Parts Fitted Together (E[ploded VieZ)
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All RXU dUaZingV aUe caWeUed fRU SUinWing WRleUanceV, nRW VSecificall\ geaUed fRU
machining, aV RXU clienW dReV nRW haYe acceVV WR a machine VhRS and SUefeUUed haYing Whe deVign
be SUinWed. VeVVel BRd\, VeVVel Lid and Whe URd aUe 3-D SUinWed Zhile Whe cRnical cRYeU dUaZing
VhRZV making Rf Whe SaUW WhURXgh XVing a dimenViRn-cXW Rn a UegXlaU VheeW Rf SlaVWic and VXSeU
glXe. All 3-D SUinWingV aUe adYiVed WR be dRne Rn laUge flaW VXUfaceV Rf Whe SaUWV. The WRleUanceV
aUe VXbjecW WR changeV accRUding WR Whe VSecificaWiRnV ZiWh Whe 3-D SUinWeU Rf RXU clienW alWhRXgh
RXU SaUWV aUe deVigned WR fiW eaVil\ ZiWh VSecificaWiRnV Rf mRVW 3-D SUinWed Rn Whe maUkeW. And Whe
hand-cUafWing Siece iV WRleUaWed VR WhaW iW iV eaVil\ UecUeaWable. One each Rf all SaUWV aUe deVigned
WhURXgh Whe VeTXence Rf RRd, CRnical CRYeU, VeVVel Lid, VeVVel BRd\ aV VhRZn in Whe aVVembl\
dUaZing fRU RXU deVign, ³B\e BeeWleV´.

BLOO Rf MaWeULaOV & EVWLPaWed CRVW Rf FLQaO DeOLYeUabOe

MaWeULaO QXaQWLW\ MeWKRd Rf
AcTXLVLWLRQ

EVWLPaWed
XQLW cRVW

EVWLPaWed
cRVW

PeSSeUminW Ril 1 PXUchaVed $6.67 $6.67

Reed diffXVeU ZickV 2 PXUchaVed $10.00 $20.00

MRXnWing PXWW\ 1 PXUchaVed $2.29 $2.29

TUanVlXcenW file
fRldeUV

1 PXUchaVed $5.49 $5.49

HaUd SlaVWic VheeW 1 PXUchaVed $14.98 $14.98

SXSeU glXe 1 PXUchaVed $4.49 $4.49

3D SUinWeU filamenW 1 (URll) ScaYenged $22.99 $22.99

FiVhing line 1 (URll) ScaYenged $2.37 $2.37 TRWal cRVW:
$52.62

FigXre 10: Bill of Materials & Estimated Cost of Final DeliYerable

MRUe deWailed infRUmaWiRn: BXdgeW SSUeadVheeW

FRU Rne deYice, iW cRVW a WRWal Rf $52.62 WR bXild all Whe SaUWV. HRZeYeU, becaXVe VRme maWeUialV,
VXch aV Whe 3D SUinWeU filamenW, WUanVlXcenW file fRldeU, VXSeUglXe, and fiVhing line, Rnl\ UeTXiUed
Whe XVe Rf a SRUWiRn Rf iW, Whe Vame Rne cRXld be UeXVed WR manXfacWXUe mRUe deYiceV ZiWhRXW
SXUchaVing anRWheU Rne. FXUWheUmRUe, Ze ZeUe Rnl\ able WR find Ueed diffXVeU ZickV WhaW came
ZiWh eVVenWial Ril VcenWV aW Whe VWRUeV Ze ZenW WR, Zhich made Whem mRUe e[SenViYe Whan if Ze
bRXghW Whe ZickV b\ WhemVelYeV.

https://docs.google.com/spreadsheets/d/1Eh6f4cRdx9euIZo_LB-NWvcJ43c5KBnNHyXT6CoPFe8/edit?usp=sharing
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PURceVV RRXWeU

BRd\
DraZing 1/4

PURceVV MacKLQe/TRRO NRWeV

3D PUinW BRd\ 3D PUinWeU KeeS an e\e Rn Whe fiUVW la\eU. If
Whe fiUVW la\eU iV Rff, VWRS Whe
SURceVV, UemRYe Whe failed SUinW,
and SUinW again. Once Whe SUinW iV
cRmSleWe, check Whe SaUW fRU an\
defecWV.

LLd
DraZing 2/4

PURceVV MacKLQe/TRRO NRWeV

3D PUinW BRd\ 3D PUinWeU Same aV abRYe.

RRd
DraZing 3/4

PURceVV MacKLQe/TRRO NRWeV

3D PUinW BRd\ 3D PUinWeU Same aV abRYe.

CUeaWe lRRS Rf VWUing WhURXgh WRS
Rf URd

B\ hand, fiVhing line ThUead a WZR feeW Siece Rf fiVhing
line WhURXgh Whe hRleV in Whe URd
and Wie a knRW.
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CRQe CRYeU
DraZing 4/4

PURceVV MacKLQe/TRRO NRWeV

DUaZ RXWline CRmSaVV/PURWUacWRU UVe Whe SURWUacWRU fRU Whe 13.04
degUee VecWRU in Whe laUgeU ciUcle.
Make VXUe meaVXUemenWV aUe in
millimeWeUV.

CXW RXW cRne cRYeU SciVVRUV IW iV beVW WR cXW leVV Rn Whe RXWeU
UadiXV UaWheU Whan mRUe, aV leVV
cXW Rff eTXaWeV WR mRUe cRYeUage
fURm Uain.

Bend cRne cRYeU ElecWUical WaSe Place URd WhURXgh cenWeU Rf cRne
cRYeU. BUing Whe ciUcle WRgeWheU b\
RYeUlaSSing Whe SlaVWic RYeU Whe
cXW VecWRU, and Rnce Whe inneU
ciUcle iV VnXgl\ fiW aURXnd Whe URd,
bend Whe cRYeU WR make Whe cRne
VhaSe. SecXUe ZiWh elecWUical WaSe.

AVVePbO\

PURceVV MacKLQe/TRRO NRWeV

AWWach cRne cRYeU WR URd B\ hand, mRXnWing SXWW\ SecXUe ZiWh mRXnWing SXWW\ Rn
Whe WRS and bRWWRm.

GlXe URd WR bRd\ B\ hand, VXSeUglXe Make VXUe WhaW Whe lid haV Whe URd
Slaced WhURXgh iW befRUe glXing
Whe URd.

CXW Ueed diffXVeUV WR lengWh SciVVRUV MeaVXUe Whe lengWh needed. The
ma[imXm lengWh iV fURm Whe
bRWWRm Rf Whe bRd\ WR Whe bRWWRm
Rf Whe cRne cRYeU.
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